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New Weather Bureau Advisory Group Meets 


Bi 


The organization meeting of the new advisory group to the 
Bureau matters was held in Washington, D. C., on 8 July. The members of the group are, left to 
right, first row: Howard T. Orville of Baltimore; Joseph J. George of Atlanta, chairman; Robert 
B. Murray, Jr.. Undersecretary of Commerce for Transportation, and Athelstan F. Spilhaus of 
Second row: Richard J. Roth of Chicago; Robert D. Elliott of Pasadena, Calif.; 
F. Merewether of Flushing, N. Y.. and Charles P. Smith of 


San Francisco 





Secretary of Commerce on Weather 
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Kenneth C. Spengler of Boston; A 
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Fifty Years of Hurricanes 


Vance A. Myers AND LILLIAN K. RUBIN 
U. S. Weather Bureau, Washington, D. C. 


|! por! month will mark the twenty-fifth 
anniversary of the great disaster at 
Lake Okeechobee, Florida. On 16 September 
1928, a fierce Atlantic hurricane struck the 
Florida East Coast near West Palm Beach 
where it caused great damage, and then on 
its course inland the storm moved directly 
over the largest lake in Florida, Lake Okee- 
chobee. The hurricane winds drove the wa- 
ters of the Lake ashore and flooded many 
square miles of the adjacent almost-level coun- 
tryside. Twenty-four hundred persons were 
drowned. 

A modern levee to prevent such floods was 
built along the shore of the Lake in the 1930’s. 
When the Army Corps of Engineers, which 
built the levee and maintains it, was faced 
with the question of raising the levee to per- 
mit a higher water level in the Lake, one of 
the most important meteorological factors to 
be considered, naturally, was the wind speeds 
that might be expected in a hurricane. The 
hydrometeorological section of the Weather 
Bureau was asked to make a study of such 
winds. 

Since wind observations are much less nu- 
merous and reliable than pressure observa- 
tions in most hurricanes, it was desirable to 
devise a method for obtaining wind speeds in- 
directly through use of the pressure. This 
was done by careful study of several recent 
hurricanes with a good many pressure ob- 
servations. First, a relation was developed 
between pressure in a hurricane and distance 
from the center. This relation could then be 
used to estimate the pressures, including that 
at the center, in hurricanes with only a few 
observations. Next, speed of the gradient 
wind (a theoretical wind unaffected by fric- 
tion with the ground in which pressure and 
other forces are in balance) was derived by 
applying the standard gradient wind equation 
to the pressures. Finally, by using a factor 
for friction developed from the hurricanes 
with abundant data, the gradient wind was 
reduced to surface wind. 
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A list of hurricanes affecting the United 
States from 1900 to 1949 was compiled from 
the book, “Hurricanes,” by I. R. Tannehill. 
For the purposes of this study a central pres- 
sure of 29.00 inches was adopted as the boun- 
dary line between true hurricanes and lesser 
tropical disturbances. Only those hurricanes 
with central pressures of 29.00 inches or 
lower were retained for study. 
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In order to relate the pressure and wind 
speed to distance from the storm center, each 
storm was assumed to be circular within a 
100-mile radius of the center. This not-un- 
natural assumption allowed all available pres- 
sure data, from no matter what quadrant of 
the storm, to be applied to a single “profile” 
of the storm from the center outward. This 
was also true of all observed wind speed data. 

The assumption that hurricanes are cir- 
cular within a 100-mile radius of the center 
was also valuable in determining the path of 
each storm through areas where data were 
scarce. In order to be able to take distances 
from the center of the hurricane, it is neces- 
sary to know the position of the center. If 
two stations reported the same pressure at 
the same time, the storm was assumed to be 
equidistant from both stations. By the same 
token, if one station reported a lower pres- 
sure, the storm was assumed to be closer to 
that station. Automatic wind direction rec- 
ords were also an aid to tracing the path of 
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a hurricane. Since we know the approximate 
angle at which winds blow inward across the 
isobars in their counter clockwise movement 
around a hurricane, once the direction of a 
wind is known, we can determine the position 
of the hurricane center relative to that wind. 
A third source of data which was applied to- 
ward locating hurricanes was the unofficial re- 
ports of periods of calm. 

The track of each hurricane studied was 
thus mapped out using observed pressures, 
wind direction records, and reports of calm. 
When this was done, a first attempt was made 
to draw a pressure profile of the storm. 
Pressures were plotted against their distance 
from the storm center as it moved along its 
path. A smooth curve that best fit these 
points was then drawn. 

As a further check on the storm path as it 
was laid out, the pressure profile was entered 
with an observed pressure, and the corre- 
sponding distance was read off. This distance 
was compared with the distance as given by 





Where these differed, the 
storm track was adjusted. The chart shows 
the preliminary and final tracks for the hur- 
ricane of 27 September 1906. 

A final pressure profile was then drawn in 
the same way as the first. Observed pressures 
were plotted against distances from the center 
of the storm, using the adjusted storm track. 
Again, a smooth curve was drawn to fit the 
plotted points. The curve was drawn all the 
way to zero distance, that is, to the hurricane 
center, whether there were any plotted points 
near the center or not. In extending the 
curve beyond the plotted points the relation- 
ship of pressure to distance which had previ- 
ously been worked out was the guide. 

The lowest central pressure in a hurricane 
affecting the United States (also the world’s 
lowest sea-level pressure ever recorded at a 
land station) was observed in September 1935 
in the Florida Keys, 26.35 inches. A goal of 
the study was to discover whether such a 
pressure was ever duplicated or approached. 


the storm track. 
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Final Track 








The preliminary and final tracks of the center of the hurricane of 27 September 1906, developed 


from pressure and winds at stations shown. 
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Hour positions in CST are marked on tracks. 
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An examination of the graph will show that 
the September 1935 storm was unique. It 
had been an immature storm, small and in- 
tense, which had developed from a weaker 
tropical disturbance outside the usual hurri- 
cane source region. Most hurricanes affecting 
the United States are mature storms. Florida 
hurricanes tend to have lower central pres- 
sures than Gulf or Atlantic Coast storms be- 
cause they are closer to the source region. 

The Corps of Engineers, concerned about 
the speed of winds and their distribution in 
hurricanes passing near Lake Okeechobee, set 
up three recording wind gages on navigation 
light pylons out in the Lake early in the sum- 
mer of 1949. These were in addition to seven 
shore installations which already existed. 

In August 1949 a hurricane moved directly 
across Lake Okeechobee, giving some of the 
finest recorded hurricane wind data ever ob- 
tained. The maximum speed recorded in the 


hurricane was 155 mph at West Palm Beach. 


_ ca hee = 
= uN 


ee 






Near Lake Okeechobee, however, the maxi- 
mum speed was 124 mph at about 17 miles 
from the hurricane center. A chart presents 
smoothed profiles of the maximum speed 
recorded in 10-minute intervals (maximum 
gusts), and 10-minute average sustained winds 
over the open water of the Lake, blowing onto 
the land from water and blowing onto the 
water from land. The dashed curve repre- 
sents the profile of the gradient wind. Notice 
that in all the profiles the peak velocity is be- 
tween 19 and 22 miles of the hurricane center, 
and that the wind speed falls off much more 
sharply toward the center of the storm than 
outward. Notice, too, that as the distance 
from the center increases, the surface wind 
becomes a smaller percentage of the gradient 
wind. For example, 22 miles from the center 
the over-water wind is 80 per cent of the 
gradient, while 45 miles from the center it is 
only 68 per cent. 

The data on which these profiles are based 
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The Louisville & Nashville Railway wharf at Pensacola, Florida, was wrecked in the hurricane of 


27 September 1906 
$50.00. 
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One of the damaged barks in the foreground was later sold at auction for 
U. S. Weather Bureau photo. 
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Profiles of wind speeds during the hurricane of 
26-27 August 1949 at Lake Okeechobee, Florida. 


were used to develop the factors for reducing 
gradient winds to surface winds. Such factors 
could then be applied to the gradient winds 
derived for other hurricanes to compute sur- 
face winds. 

In the summer of 1950, the Corps of Engi- 
neers set up two more recording wind gages 
in Lake Okeechobee. In October of that year 
another hurricane crossed the Lake. The ob- 
servations obtained in these two hurricanes 
answered many questions about the distribu- 
tion of wind speed in hurricanes. They also 
showed that winds blowing from water to land 
are slower than winds blowing over open wa- 
ter, and that winds blowing over water from 
land, having been subject to friction for a 
greater length of time, are slower still. 

Another subject of great interest was the 
change in pressure that occurs when a _ hur- 
ricane moves inland. A check of 55 of the 
hurricanes studied revealed that the pressure 
rises slowly near the center of a hurricane as 
it approaches the coast, and more rapidly 
after it enters the coast. The fastest pressure 
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rise, both before and after entering the coast, 
is at the center. Farther out from the storm’s 
center, the pressure actually falls. 

A comparison of pressure changes in hur- 
ricanes entering the Florida, Gulf, and At- 
lantic coasts showed the same pattern in all 
three regions. However, a composite of five 
storms that never crossed the coast, but only 
skirted it, also showed the same pattern of 
pressure changes. This leads, inevitably, to 
the conclusion that the pressure-change pat- 
tern which has been observed is not exclu- 
sively due to the movement of the storm in- 
land but is part of the maturation process. 
The process may result from the introduction 
of drier or colder air into the storm as it 
moves farther from its source region. 

Finally, there was the question of the rela- 
tion between the size of a hurricane and its 
intensity. Computations that were made of 
the energy in hurricanes verify the theory 
that the most intense storms are very small— 
that is, there is an inverse relation between 
the size of a hurricane and its intensity. 

The foregoing is one example of how the 
research meteorologist extracts a maximum 
of information from past weather records in 
order to give the engineer, who designs im- 
portant works involving millions of dollars, 
his best estimate of the extremes of weather 
likely to be encountered. 





(Continued from page 95) 
WARN (Weather Amateur Reporting Net- 
work) officially came into being, the occasion 
being a drill simulating actual hurricane con- 
ditions as closely as possible. 

At the start of the 1953 hurricane season, 
the total number of stations was 47. Thirty- 
eight amateur radio stations were involved. 
either in the origination or the transmission of 
reports. Eight stations are operated by power 
companies, five by federal or local govern- 
ment agencies, two by recreational organiza- 
tions, one by a commercial radio station, and 
one by the American Red Cross. Thirty of 
the 46 stations are equipped with anemom- 
eters and wind vanes, while estimated wind 
observations are supplied by the remainder. 
All stations have barometers. 

While the hurricane season may not al- 
ways require use of the network, it stands 
ready to do its bit in assisting to keep better 
track of any storm invading the state. 
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The author inspects the ane- 

mometer exposure atop the 

radio mast of W4GZY, Home- 

stead, Florida. Photo by John 
R. Massey. 





Weather Amateur 


Reporting Network 


L. G. PARDUE, 
U.S. Weather Bureau, Miami 


HEN a hurricane crosses the Florida 

coastline, there is an intense interest in 
the exact timing and direction of movement 
of the storm across the state. The standard 
network of synoptic stations is too sparse for 
this purpose, and many of the regular collec- 
tions of reports and supplementary observa- 
tions fail owing to prostration of telegraph, 
telephone, and power lines by the violent 
winds of the hurricane. For this reason the 
amateur radio operators in the area provide 
an ideal substitute source of reports, because 
substantial numbers of them are equipped 
with emergency power supplies. 

During the summer of 1950, tentative steps 
were taken at the Miami Weather Bureau 
Hurricane Warning Center toward the estab- 
lishment of a peninsular Florida amateur hur- 
ricane reporting network. Expectations were 
fulfilled to the extent that a formal operating 
plan was developed, enlisting the cooperation 
of the Dade Radio Club, a thriving amateur 
organization of Miami. 

Through the amateur connections of the 
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club, statewide publicity was given to the 
project early in 1951, together with a request 
for volunteers to act as weather observers. 
Among the organizations which already oper- 
ated radio networks to volunteer their assist- 
ance were the National Park Service, the 
Corps of Engineers, the Florida Power and 
Light Company, and the Florida Power Com- 
pany. Many points in the Lake Okeechobee 
area and in the Everglades National Park 
were thus covered that had hitherto been 
blind spots during hurricane situations. At 
points where emergency power was available, 
provision was made for supplying it to the 
wind instruments during interruptions of com- 
mercial power; at other points an emergency 
switching arrangement was devised, making it 
possible to operate anemometers and wind di- 
rection indicator lights on a six-volt battery 
source. 

Preparations were completed by the end of 
June 1951, by which time all the observers 
had received instructions. Late in July 


(Continued on page 94) 
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Arizona’s Two-Season Rainfall Pattern 


Louts R. Jurwitz, Section Director, U.S. Weather Bureau, Phoenix, Arizona 


RIZONA, in the heart of the Southwest, 
is a land of climate contrasts. Eleva- 
tions range from less than 100 feet above sea 
level in the tropical southwestern corner to 
nearly 12,000 feet in the temperate San Fran- 
cisco Mountains northwest of Flagstaff. Bar- 
ren desert valleys in the southwest give way 
to verdant stands of virgin timber in the 
mountain arc runninz from the northwest to 
the east central border. 
Arizona’s agricultural crop production in 
1952 was valued at one-third of a_ billion 
dollars and was raised almost exclusively on 
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approximately 355 million acres of irrigated 
lands. Water for irrigation is derived from 
storage reservoirs on principal rivers and from 
ground water. The runoff into the main wa- 
ter reserve systems comes from winter storms 
which visit Arizona from November through 
March. The mountainous country located in 
the central and eastern sections receives much 
of its winter precipitation in the form of heavy 
snowfalls, which is caught as runoff during 
March and April in the reservoirs. Thus, the 
agricultural areas have a fairly dependable 
source of moisture for the growing season. 
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Nevertheless, summer is the season when the 
precipitation pattern of the state shows the 
greatest variety. 

The cattle industry of Arizona is dependent 
on grazing to a large degree. Hence, irriga- 
tion plays a very small role in this important 
activity which shipped 395,000 head of cattle 
and calves in 1952. Range grasses and browse 
are the mainstay of the cattle industry. The 
fact that cattle can be raised successfully on 
Arizona’s principal ranges in the central and 
southeastern areas is entirely dependent on 
the two-season rainfall pattern of the region. 

The winter rainy season develops when 
storm systems sweep inland from the Pacific 
Ocean and bring vast quantities of moist 
maritime air over the coastal mountains to 
the valleys and plateaus of Arizona. When 
centers of low pressure move inland north of 
the Golden Gate, precipitation is usually light 
over Arizona; but when major storms or cold 
lows aloft take a position south of San Fran- 
cisco, or preferably south of Los Angeles, Ari- 
zona receives its heaviest winter precipitation. 
The southwest type storms are eagerly awaited 
by irrigationists because these storms account 
for sizable snow cover in the “high country” 
and warm soaking rains at lower elevations, 
bringing “liquid gold” into the reservoir sys- 
tems. 

Winter storms are also very beneficial to 
the range country as spring approaches. Ris- 
ing temperatures in February and March start 
green-feed growing on the ranges below the 
5,000-foot elevation. Then a dry period usu- 
ally follows from April through June during 
which ranges begin to burn and feed to lose 
much of its nutrient value. In May and June 
maximum temperatures of 100° F. or higher 
are almost a daily occurrence. 

By the last week of June the Bermuda high 
begins to intrude farther and farther to the 
west. Surface charts may not show high pres- 
sure over the Southeast, but at the 700-mb 
level a pronounced anticyclone becomes well 
established over that area. The clockwise 
circulation around the high sweeps across the 
Gulf of Mexico in a long arc and into New 
Mexico and Arizona. An analysis of the first 
thunderstorm activity of the summer shows 
that the period between 26 June and 4 July 
will witness the first penetration of deep tropi- 
cal air masses into Arizona from the Gulf of 
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The pressure chart at 700 mb (10,000 ft.) for 
1000 EST, 26 July 1952, indicates the trajectory 
of a moist air stream reaching Arizona. 


Mexico. The main mountain ranges, lying 
across the flow of the moist air currents, are 
instrumental in triggering thunderstorms. The 
hot valleys also add their effects in producing 
tremendous convective cells that result in late 
afternoon and evening thunderstorms, a most 
welcome feature of the desert summer. 

The accompanying weather map illustrates 
a typical example of the location of the anti- 
cyclone at about the 10,000-foot level (700 
mb) and the generalized orientation of the 
deep stream of moist air originating in the 
Gulf of Mexico, spreading across Texas and 
New Mexico, and penetrating to Arizona, 
thousands of miles from its origin. During 
typical flows in summertime several stations 
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Contours show the percentage of the annual rain- 
fall in Arizona that falls in the three months of 
July, August, and September. 
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This photograph of a normally dry arroyo near Silver City, New Mexico, was taken by Bill Strick- 


faden, an amateur meteorologist of Clovis, using an Argus A2—F camera with Plus-X film. 


No filter 


was used 


in Arizona may report over one inch of rain- 
fall in 24 hours, and as many as 80 per cent 
of the stations may report some thunderstorm 
activity within a 24-hour period. 

Quite a large segment of Arizona receives 
from 40 to 60 per cent of its annual rain- 
fall during the three months of July, August, 
and September. Several mountain stations in 
Santa Cruz and Cochise counties in southeast- 
ern Arizona have more than 10 inches of rain- 
fall during the three summer months. 

The percentage of normal annual rainfall 
recorded over Arizona during the three months 
of July through September is highest in the 
southeastern corner of the state, as would be 
expected from its proximity to the source of 
the moist streams of tropical air moving from 
the southeast. 

On rare occasions Arizona receives summer 
moisture from another source and in a more 
spectacular manner. From time to time hur- 
ricane tracks from the Caribbean and the 
Gulf of Mexico cross the coastline of eastern 
Mexico. Though the fury of the wind de- 
creases rapidly upon entering the rugged in- 
terior of Mexico, very deep currents of moist 
tropical air are entrained in the general cir- 
culation at heights from 10,000 to 30,000 feet. 
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When the steering winds aloft are southeast- 
erly, heavy precipitation is often recorded in 
Arizona. 

A notable example of hurricane-induced 
rainfall was the storm of 26-30 August 1951. 
An intense hurricane, which had devastated 
Jamaica, crossed the coastline north of Tam- 
pico, Mexico, on 22 August. After causing 
severe floods in coastal areas, the river of 
moist air flowed northwestward and reached 
southern Arizona on 26 August; a few iso- 
lated thunderstorms developed that afternoon. 
The moist stream continued northwestward on 
27 and 28 August and struck the barrier 
formed by the main ramparts of the Bradshaw 
Mountains, where rainfall was very heavy. 
Crown King, for instance, received a five-day 
total of 13.56 inches. 

The tropical air mass then was caught up 
in the prevailing westerly circulation, and an- 
other concentration of high rainfall amounts 
occurred over the Mazatzal Mountains to the 
east. At the town of Sunflower a total of 
12.11 inches was measured for the period. By 
this time most of the moisture had been re- 
moved from the air stream, so that only light 
to moderate amounts fell over northerly and 
easterly sections. Many new 24-hour rainfall 
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The same arroyo is photographed by Mr. Strickfaden an hour and a half after the exposure on the 

opposite page. A cloudburst had occurred in the mountains eight miles away, although no rain 

had fallen locally; flash floods are typical of the high country of Arizona and New Mexico in 
summertime. 


intensity records were established during this 
storm: Bagdad reported 5.38 inches, Castle 
Hot Springs 5.32 inches, and Crown King 
5.31 inches. 

An example of beneficial rains over Arizona 
from a hurricane moving up the west coast of 
Mexico occurred on 24-26 September 1939. 
A tropical cyclone developed near 10° N, 
90° W on 14 September and moved in a 
north-northwesterly direction. After describ- 
ing a wide curve to the southward and west- 
ward of the Revillagigedo Islands, the dis- 
turbance moved north and then northeast 
with the center entering the southern Cali- 
fornia coast near Los Angeles early on 25 Sep- 
tember. Forty-five persons lost their lives at 
sea, and property damage ashore was esti- 
mated at $2 million. Unprecedented Septem- 
ber rains accompanied the storm along the 
southern California coast—Mt. Wilson meas- 
ured 9.02 inches in a 24-hour period. 

The cyclonic circulation broke up along the 
coastal mountains, but moist air currents 
swept into Arizona, bringing welcome rains to 
the western part of the state. Parker re- 
ported 2.79 inches for the period 24-26 Sep- 
tember, Kingman 1.97, Stanton 1.99, and 
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Augila 1.97 inches. The northwest quarter 
of the state received a good soaking, with 
heavy runoff occurring on the Bill Williams 
River and in many smaller streams of west- 
ern Arizona. 

The summer rainy period in Arizona, of 
course, replenishes soil moisture on parched 
range lands, starts new growth of grasses and 
browse, and gives the cattle industry its two 
grass seasons per year. 

While the summer thunderstorms account 
for 40 to 60 per cent of the annual precipita- 
tion, they contribute only about 15 per cent 
of the runoff into reservoirs, due primarily to 
the localized character of the thunderstorms, 
which often cover only a small portion of a 
drainage basin. Thus, it is the winter storms 
that normally replenish depleted water stor- 
age supplies. The summer rains do insure 
successful cattle raising on range lands and 
afford moisture for limited dry farming that 
is carried on locally in the mountain valleys 
of the central and northern sections. The 
two rainy seasons are thus responsible, in 
large part, for the successful grazing indus- 
tries that flourish in the “desert” state of 
Arizona. 
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‘T" YRNADOES killed more than 400 persons 
in the United States during the first six 
months of 1953, and property damage ex- 
ceeded $230 million in the more than 300 re- 
ported tornado occurrences. Thus, 1953 will 
take its place as a year noteworthy in fre- 
quency of tornado activity, as 1951 was the 
only other year with more than 300 tornadoes 
reported. 

The frequent and widespread striking of 
tragedy from the clouds this spring made ma- 
jor news and aroused intense public interest 
and concern in this phenomenon. Specula- 
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The funnel of the tornado 
that ripped through Temper- 
ance and Erie, Michigan, and 
then passed into Lake Erie on 
8 June was snapped by ama- 
teur cameraman John Burdo, 
who was working on his boat. 
Wide World photo. 


Tornado 
Tragedies 
of 1953 


Epwarp M. Brooks, 
St. Louis University 





tion was rife that the atomic bomb tests in 
Nevada during April and May were respon- 
sible for the unusual storminess. Congres- 
sional investigations were demanded, but the 
testimony of the experts in government and 
military service satisfied the members of the 
Armed Services committee that there was no 
connection between the relatively small atomic 
cloud disturbances and the large scale ac- 
tivity of the whole atmosphere. 

The 1953 tornado season falls into two dis- 
tinct periods. The spring portion, extending 
from January through the middle of May, 


Map shows the distribu- 
tion of tornadoes in March 
1953, as reported to the 
Pressure Jump Project, 
U. S. Weather Bureau 
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saw tornado activity confined mainly to the 
South later than normal. Major twisters 
struck in Georgia and Texas, and there were 
frequent occurrences in Alabama, Mississippi, 
and Oklahoma. About 140 tornadoes were 
reported nationally in the first four months 
of the year, just about the average figure for 
an entire year. About 20 May, however, 
when a major shift in the circulation pattern 
across the country developed, an abrupt shift 
northward in the scene of the tornado belt 
occurred. Outbreaks of death from the skies 
were reported from the Great Plains eastward 
through Michigan and Ohio to Massachusetts. 
The grand climax of this phase of the season 
came on 8-9 June with major disasters at 
Flint, Michigan, and Worcester County, Mas- 
sachusetts. 

What were the meteorological conditions 
that caused so many severe tornadoes? No 
answer can be completely satisfactory since 
the exact mechanism of tornado formation is 
still unknown. Unfortunately, a tornado can- 
not be taken into a laboratory, and its true 
nature determined by scientific analysis. We 
can study the general meteorological condi- 
tions existing this spring and early summer, 
and we find that the weather patterns were 
like June 1951 when there was frequent tor- 
nado activity. Unusually sharp air mass con- 
trasts existed in the United States. During 
the spring, polar front activity was frequent 
in the southern states with the result that 
polar air masses were brought far southward 
into close proximity with tropical air fresh 
from the Gulf of Mexico. 


Distribution of reported 
tornadoes, April 1953. 
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But a marked change began in the air 
flow pattern about 20 May. The Bermuda 
high, which had been off the east Florida 
coast, pushed westward to a position over the 
middle Gulf states. Anticyclonic conditions 
prevailed in the former tornado belt, and the 
polar air masses were confined to the tier of 
northern border states where the polar front 
activity now occurred. This does not mean 
that all tornadoes formed exactly at the sur- 
face position of the polar front, but they did 
develop in the cyclonic circulation generated 
by wave action on the active polar front 
where contrasting air masses were brought 
into close contact. We shall consider the two 
major series of tornadoes in detail. 

THE WACO-SAN ANGELO SERIES— 
The tornadoes that struck the central Texas 
cities of San Angelo at 1430 CST and Waco 
at 1645 CST on 11 May were two of a num- 
ber of similar outbreaks in the Lone Star 
State that afternoon. Though their paths 
were relatively short and the area affected 
small, the pendant clouds dipped down inside 
the settled areas of two well-populated cities 
with the result that over 150 persons died. 
A residential section of San Angelo suffered 
a loss of over 288 homes along a path that 
measured one mile long and half a mile wide. 

The Waco disaster was unique in that it 
was the first time that a major tornado struck 
the business section of a large city (popu- 
lation 90,000) during business hours. A 20- 
block area in the center of the city was dev- 
astated in less than five minutes time when 
the funnel struck at 1645, just at the begin- 
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ning of the evening rush hour. A large six- 
story building collapsed along with several 
smaller ones, burying many in the rubble. In 
all, 114 persons were killed, 500 injured, and 
property damage estimated at $50 million. 
On the human side of the disaster was the 
story of a mother, bed-ridden with infantile 
paralysis, who made strenuous efforts to reach 
her young children to protect them. After 
the storm, with her children safe, she said she 
had no intention to return to bed! 

The weather map for 11 May indicated a 
long cold front orientated in an east north- 
east-west southwest direction from the Great 
Lakes to west Texas. There was a marked 
contrast in moisture content and tempera- 
ture across the front, and it also appeared 
that dry air existed aloft since the winds at 
the 14,000 foot level were clocked in excess 
of 40 knots from the southwest. The Texas 
series of twisters apparently occurred on or 
near the rather slow-moving cold front, which 
triggered the storms where the tropical air in 
advance had the greatest potential instability 
and where the area of free convection was 
rather low. 

THE FLINT-WORCESTER SERIES— 
Ten persons gathered at the dinner table for 
a family reunion near Arcadia, Nebraska, 
were wiped out by a small twister on the 
afternoon of 7 June. This proved to be the 
prelude to the most spectacular series of tor- 
nado events that have ever visited the north- 
ern states. On the following day, the frontal 
system had moved eastward from the Plains, 
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and tornado activity began at about 1820 
CST in the extreme southeast corner of 
Michigan, where the funnel illustrated in the 
accompanying photograph smashed _ several 
houses before moving out over Lake Erie 
north of Toledo, Ohio. Attended by _hail- 
stones as large as golf balls, the funnel be- 
came a gigantic waterspout, raising water 50 
feet high and causing a 6-foot tidal wave 
against the shore one mile distant. 

Another tornado track lay about 30 miles 
to the south where damage was reported in 
the vicinity of Bowling Green, Ohio, about 
1900, and later at Sandusky and Cleveland. 
The twister that passed through the down- 
town section of Cleveland, the largest city in 
Ohio, was first reported at the edge of the 
Hopkins Airport at 2047. It passed within 
a half mile of the Airport weather station, 
moved off to the northeast, and crossed the 
western part of the business section within 
less than a mile of the downtown weather 
station. The length of the track over land 
measured 12.5 miles when it disappeared into 
Lake Erie at 2116. 

The greatest disaster in terms of human life 
descended on the residential suburbs of the 
great industrial city of Flint, Michigan, at 
2040 EST, when a funnel whirled down Cold- 
water Road for a distance of eight miles. 
Over 200 homes on either side of the road 
were reduced to matchwood as 113 persons 
lost their lives in these minutes of tragedy. 
The tornado hedge-hopped across the Michi- 
gan countryside to the southern end of Lake 
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The varied ability of brick 
and wooden structures to 
withstand tornado blasts is 
illustrated at Worcester on 
9 June 1953. The new 
Curtis Apartments in the 
background took the full 
blast of the funnel, but 
suffered little major struc- 
tural damage. In the fore- 
ground is the rubble of 
many wooden residences in 
a housing development 
that was completely lev- 
eled. Wide World photo. 


Huron, only 10 miles north of the Port 
Huron-Sarnia area where an earlier tornado 
(21 May) had caused extensive damage on 
both sides of the international border. An- 
other twister was spotted further north on 
the evening of 8 June in the vicinity of Sagi- 
naw Bay. But the activity soon declined, as 
is typical of the diurnal trend in tornado fre- 
quency, thereby sparing Ontario and New 
York State from visitations as the frontal 
system passed over. 

The afternoon of the following day, 9 June, 
saw the frontal system over Quebec Province 
and New England. This time the churning 


Distribution of reported 
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clouds dropped a funnel in Worcester County 
in central Massachusetts to cause the greatest 
tornado disaster in New England’s meteoro- 


logical history. The last major tornado had 
occurred at Wallingford, Connecticut, in 1878 
when 34 were killed. 

The surface origin of the Worcester tor- 
nado, as determined by a careful Weather 
Bureau survey, was on the northeast shore of 
Quabbin Reservoir, northwest of the town of 
Petersham, at about 1525 EST. The last 


vestige of destruction from the funnel ap- 

peared to have occurred in the town of South- 

boro at 1645, giving a path 45 miles long in 
(Continued on page 110) 
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The Columbia Gorge Wind Funnel 


Howarp E. Granam, U.S. Weather Bureau, Portland, Oregon 


HROUGH a near sea-level channel in the 
Cascade Mountains the Columbia River 
affords an artery for easy communication be- 
tween the vast interior of the continent and 
the narrow sea coast areas. The spectacular 
Gorge of the Columbia also provides a chan- 
nel for atmospheric movements that bring 
rapid weather changes and diverse climate 
conditions. The scenery through the Gorge 
reflects the variety of climate from copious 
maritime rainfall at the western end to conti- 
nental aridness at the eastern extremity. 
The actual Gorge of the Columbia River is 
about 120 miles long, running from near Bridal 
Veil, Oregon, in a generally easterly direction, 
to near Arlington, Oregon. The walls of the 
Gorge are highest about 45 miles east of Port- 
land, then lower to about 1,000 feet at The 
Dalles where the river takes a loop, and con- 
tinue at about the same height for a little over 
50 miles eastward. On either side of the 
Gorge massive mountains rise from near sea 
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level to great heights. Mt. Adams reaches a 
peak of 12,307 feet only 30 miles to the north, 
and Mt. Hood stands 11,245 feet just 20 miles 
to the south. One tends to dwell too long on 
how big these mountains are, but most west- 
erners will pay a premium if their house can 
face one of these majestic weather scenes. 

The main barrier of the Cascade Mountains 
is orientated in a north-south direction about 
110 miles inland and represents an important 
climatic control since it lies astride the path 
of the prevailing moisture-laden westerlies. As 
the air masses cross the mountains, they are 
materially modified: ascending air currents on 
the windward side lead to condensation and 
precipitation, while subsiding currents on the 
lee side result in evaporation and dissolution 
of clouds. 

West of the mountains the precipitation 
reaches the high figure of 130 inches an- 
nually, and to the east it may amount to as 
little as eight inches annually. To illustrate: 
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Portland, 20 miles to the west of the Gorge, 
has a yearly fall of 41.26 inches; The Dalles, 
well in the Gorge, has 15.49 inches; and at 
the extreme eastern end at Arlington the fig- 
ure is only 9.05 inches. A traveller through 
the Gorge is aware of this rapid transition as 
he passes from a dense growth of conifers, 
Douglas fir, and cedars to only grass and sage- 
brush. 

The Gorge forms an excellent laboratory 
for the meteorologist and climatologist, for 
here every day of the year the effects of small 
variations of temperature, humidity, and pres- 
sure make themselves felt in large-scale wind 
movements. To the synoptic forecaster the 
Gorge presents a never-ending challenge to 
anticipate pressure changes that will deter- 
mine air flow conditions. When the east Pa- 
cific high moves toward the coast, there will 
be an accompanying west wind flow through 
the Gorge. The reverse occurs when a conti- 
nental high forms inland over the Plateau. 
In the Gorge, itself, there can be only three 
types of air movement: easterly, westerly, or 
calm, which occurs infrequently. 

The pattern of wind flow has direct eco- 
nomic effects on all areas near the Gorge. 
When west winds prevail, mild maritime air 
flows into eastern Oregon and Washington to 
modify an otherwise continental type climate. 
Although the heavily populated industrial and 
agricultural areas at the west end of the 
Gorge are relatively little affected by west 
winds blowing into the Gorge, they are di- 
rectly affected by east winds from the in- 
terior. Dry east winds can cause a fire haz- 
ard in all seasons of the year. In summer, 
strong parching winds with high temperatures 
dry out valuable forests and brushland, and 
in wintertime the same winds, now cold and 
dry, create a fire hazard from overheated 
furnaces. According to the Portland fire mar- 
shall, there is a surprising increase in flue and 
roof fires during spells of easterly winds. 

The prevalence of easterly winds in the 
Portland area has caused man to attempt to 
modify the local topography. Many tender 
truck crops in commercial and private gardens 
are subject to injury by the strong, desiccat- 
ing winds. A number of elaborate wind 
breaks have been built or grown on the east- 
erly side of fields to afford protection against 
unwelcome blasts. 
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Winter east winds give Portland and vi- 
cinity its severest weather, and the City of 
Roses is usually colder and windier than 
nearby cities to the immediate north and 
south. A temperature as low as — 2° F. has 
been experienced there under an easterly cir- 
culation. Freezing rain is another hazard in 
the Gorge. Cold air from the interior often 
clings to the surface while moisture-laden air 
rides aloft over it. All forms of frozen pre- 
cipitation then result in this area, as the tem- 
perature balance near freezing varies accord- 
ing to elevation and distance from the sea. 
The great glaze- and snowstorm of 17-20 No- 
vember 1921 at The Dalles deposited 54 
inches of frozen precipitation on the ground 
and stopped all communication through the 
Gorge. 

A direct economic effect of the Gorge wind 
regime is illustrated by the forecast problem 
at Bonneville Dam where a continued westerly 
flow lowers the head of water behind the dam, 
reducing the potential for electric power out- 
put. Conversely, east winds help to raise the 
head. Thus, a forecast of all wind movement 
is necessary for proper pool regulation. 

A consideration of two typical synoptic con- 
ditions will illustrate the flow patterns exist- 
ing under different wind regimes. During the 
summer relatively cool maritime air normally 
piles up against the Cascade Range causing a 
rather strong pressure gradient toward the 
warmer interior of eastern Oregon and Wash- 
ington. The surface weather map for 1630 
PST, 28 July 1951, is typical of this situation. 
A large high lies off the coast with low pres- 
sure between the Cascades and the Rocky 
Mountains. The interior low has intensified 
through heating and by the lee effect of west 
winds blowing over the barrier of the Cascade 
Range. During periods of sustained westerly 
flow, troughs, often quite deep, form east of 
the Rockies, and similar but less pronounced 

















WEATHERWISE' 105 











0430 PST. 4 November 1951 1630 PST, 4 November 1951 





0430 PST, 5 November 1951 1630 PST, 5 November 1951 


The sea-level weather maps for the Pacific Northwest area illustrate a case for the 
development of strong east winds through the Gorge. 
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troughs form to the lee or east of the Cas- 
cades, too. On this particular day the pres- 
sure gradient between Portland and The 
Dalles, 87 miles apart, was 6.1 mb toward 
the east, and the wind was west at 29 mph at 
1330 PST. 

The reverse situation is illustrated by the 
period of 4-5 November 1951—a typical se- 
ries since violent east winds are mostly a cold 
weather phenomena. On the map for 0430, 
4 November 1951, a weak occlusion moved 
inland followed by rising pressure, as the main 
portion of the east Pacific high pushed in- 
land. Note the center of pressure change over 
Juneau, Alaska. At this time the pressure 
gradient between Portland and The Dalles is 
2.7 mb west to east, and the winds are west- 
erly from 10-15 mph. Frequently the first 
definite clue as to what will follow is recog- 
nized at this stage—rising pressure over Brit- 
ish Columbia indicates that a high is pushing 
inland. 

Twelve hours later, at 1630, the high has 
moved into British Columbia, eastern Oregon 
and Washington. Rising pressure, as shown 
by the pressure change lines, is well east of 
the Cascades. The pressure gradient is still 
west to east, but has decreased to 0.3 mb, 
and the wind has now decreased to west 
3 mph. 

During the following 12 hours the high be- 
came well established over the Great Basin. 
Strong nighttime radiation took effect east of 
the mountains, and the morning temperatures 
from 22° to 35° F. were considerably lower 
than those of the preceding morning. The 
pressure gradient was now reversed, being 
east to west, with a differential of 5.8 mb. 
The wind at Troutdale, just outside the Gorge 
at the western end, was 24 mph from the 
east with gusts to 34 mph. 

During the day at Stevenson in the Gorge 
the wind speed increased to a sustained peak 
of 58 mph and gusts to 67 mph. A second 
front moved close to the coast by 1630, bring- 
ing falling temperatures along the coast and 
increasing the pressure gradient between Port- 
land and The Dalles to 7.8 mb. This sus- 
tained the easterly flow and brought some 
very dry air into the Portland area as is shown 
by the drop from 88 per cent relative humidity 
on the 4th to 34 per cent on the 5th. The 
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A case of typical west winds through the Gorge 
in summertime is illustrated by the sea-level chart 
for 1630 PST, 28 July 1951. 


wind flow was directly across the isobars; 
this is typical of winds in mountainous ter- 
rain and especially for winds through gorges 
and mountain passes. 

How do we forecast the Columbia Gorge 
winds? To answer this question in its en- 
tirety would be a big order. The main prob- 
lem is the preparation of accurate prognostic 
maps. Since we have found that the Gorge 
wind is a function of the pressure difference 
from one end of the Gorge to the other, and 
that it always blows along the axis of the 
Gorge, our problem is to forecast the pressure 
at both ends. The pressure difference through 
the Gorge is ascertained from the expected 
large scale pressure pattern. Correlations be- 
tween pressure difference and wind velocity 
have been computed to assist in the actual 
Gorge-wind forecast once the expected pres- 
sure difference has been determined. 
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The Abnormalities of Spring Make Big News 


. panceaebeinte weather events in May and 
June aroused unprecedented public interest. A 
survey of the varied phenomena that marked the 
recent late spring and early summer presents an 
impressive list of abnormalities. By far the most 
serious condition was the further aggravation of 
the three-year drought in the Southwest, especially 
in west and south Texas, where for the first time 
in history the Rio Grande River at Laredo was 
reported to have dried up temporarily. In the far 
West, it ranked among the coldest springs on rec- 
ord with many late season low temperature records 
set in the second decade of May from California to 
Minnesota. At the same time in the Southeast 
maximum readings were beginning to soar in 
preparation for the heat wave of late May when 
many early season maximum temperature records 
were sect. 

Louisiana had perhaps the best reason to talk 
about the vagaries of the weather. Excessive rains 
brought serious flood conditions in early and middle 
May; then came a six-week drought that threatened 
serious crop but the tropical downpours 
returned again at the close of June to send rivers 
over their banks again. And in the northern 
Rockies, too, flood waters caused great damage as 
heavy rains and snow melt sent torrents to destroy 
bridges and inundate lowlands. But it was in the 
North and Northeast from the Plains to New 
England that the most newsworthy events took 
place in the form of a series of devastating torna- 
does that took over 200 lives and caused damage 
over $100 million in that section alone. 

What caused all the unrest in the weather ele- 
ments? The subject of atomic bomb explosions 
and cloud seeding were blamed by many, but little 
proof was forthcoming. Climatologists probably 


losses : 





WI at 









perature from Norma i 
—— fs te £ fs 
ES p? 4S & 
poe 
- = ke <r 
. * —i ” 
| \', ——— 
\ OY ame ) (SSS Y 
NS \ \° 0 Ti Are 
\ } / yt eEF - < 
4 / SS TS Se 
] SS 
a SS 
¥ f s - = — > 
* P. | : 5 - : = ‘ “ 
Puy Sree 
—) wh * | — 
; “¥ ‘ 
* 4 
4 
c _NXQ,, Shaded Areas Normal or Above 











Based on preliminary telegraphic reports 
Departure of mean temperature from normal in 
degrees F., May 1953. USWB chart 
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MONTH OF MAY 1953_ 


Davi M. Lupium, Editor 


had the best answer by demonstrating that the only 
normal condition of the weather is that it is abnor- 
mal. Normal weather is merely a mathematical 
calculation that does not exist in nature. The 
vagaries of the weather are the normal condition, 
otherwise it would not be necessary to write this 
column. 

A study of the circulation patterns of May and 
June readily affords an explanation as to why the 
weather was unusually unusual. The outstanding 
feature of the mean weather maps for the 60-day 
period was a gradual shifting of the pressure ridges 
and troughs westward. When the month of May 
opened, a trough of low pressure was located over 
the Mississippi Valley, and storm development was 
frequent in the central part of the country. A 
trough in the Mississippi Valley usually means cold 
weather in the West where winds are northwesterly 
and warm weather in the East under a southwest- 
erly regime. This was the weather pattern for the 
first three weeks of May. The central trough, 
however, continued to move westward, narrowing 
the cold area until it was confined to the Plateau 
and the Pacific states; at the same time the heat 
area in the Southeast began to intensify and to 
expand. The instigator of the westward drift of 
the mean pressure systems was the Bermuda high, 
which was located at the first of May off the 
Florida East Coast, but then moved inland to a 
position over Louisiana-Mississippi. This increas- 
ing continental high was the dominant factor in the 
circulation of May and June, and showed signs of 
becoming the chief factor in the summer regime, too. 

The Bermuda high is the great thermostat and 
humidistat of the country in summertime, since it 
can regulate the degree of heat and the amount of 
rainfall over practically all of the nation except the 











Percentage of normal precipitation, May 1953. 
USWB chart. 
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immediate Pacific coast states. When the Ber- 
muda high was centered over Florida in late April 
to the end of the second decade in May, a strong 
flow of moist tropical air reached the Gulf coast 
with very heavy rains and tornadoes occurring in 
the Gulf states and the lower Mississippi Valley. 
But as the high continued to build westward, a 
large east-west ridge stretched across the southern 
states with a center in Louisiana- Mississippi. From 
this position, the high was able to shut off the flow 
of moist air into Gulf coast areas. The rains 
ceased abruptly; under clear skies and with sub- 
siding air, drought and heat took hold. In Texas 
the circulation was now off the deserts of Mexico 
instead of off the moist Gulf waters; continental 
tropical air replaced maritime tropical. The 
drought intensified west of the Pecos and in the 
Rio Grande Valley, and east Texas began to feel 
the effects of six weeks with little or no rain. 

The presence of the large high over the South- 
east rearranged the prevailing storm tracks of the 
country. Storm development, which had been fa- 
vored in the lower Mississippi Valley during much 
of May, was now shifted to the central and north- 
ern Plains. An interesting feature of storm move- 
ment during the last half of May and early June 
was the tendency of centers to move directly east- 
ward from the Plains, across the Lakes, and con- 
tinue eastward off the Middle Atlantic or New 
England Pressure was generally above 
normal in central and northern Canada, and this 
alignment forced pressure centers to move directly 
eastward instead of in the normal northeasterly 
direction. Perhaps this was an important factor in 
the outbreak of tornadoes from Michigan to New 
England at this time 

During early June there were two examples of 
“plunging lows” when small storm centers moved 
southeastward, circling around the periphery of the 
great continental high, as they moved from the 
Great Lakes to a position off the Middle Atlantic 
coast. The last half of June saw the major storm 
track far to the west, however. Storm development 
took place in the northern Plains, and the main 
track was to the north and north-northeast to 
Hudson Bay. Several storms became rather deep 
depressions for this time of year. The pattern of 
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low pressure over eastern Canada and high in the 
South is a heat type for the Middle West and the 
East; accordingly, the circulation generated by the 
deep lows moving from the Plains northeastward 
permitted the hot, dry air over the Southwest to 
spread over the Great Lakes and Ohio Valley areas 
and finally to the Northeast. Many stations ex- 
perienced their highest temperatures for so early 
in the season. 

The far West was under trough conditions dur- 
ing most of May and June. Pacific air flowed into 
coastal and plateau The trough on the 
Pacific coast was quite sharp and became deeper 
as the Bermuda high in the Southeast built west- 
ward and the Pacific high in the eastern Pacific 
Ocean showed signs of developing normal summer 
strength. 

As the month of June closed, high pressure ex- 
tended in a band almost all the way across southern 
and central United States. This orientation favors 
continued drought and heat for the Southwest and 
occasional heat waves in the Middle West and 
East. But with strong westerlies dominating the 
area north of the high pressure band, an occasional 
cold front is carried southeastward out of Canada 
to give a refreshing break to the heat regime. Such 
a break occurred in the first days of July when a 
cold front entered the country on 1 July and 
reached the Atlantic coast by the 3rd, giving all 
sections east of the Mississippi River and north of 
the Carolinas an exceptionally pleasant Fourth of 
July weekend. 


areas. 


LOUISIANA’S FLOOD-DROUGHT- 
FLOOD—Heavy rains were general over Louisi- 
ana on 24-25 April, generally amounting to 1-4 
inches, but with amounts up to 3-6 inches over 
the southern half of the state, according to a report 
sent to WEATHERWISE by Stephen Lichtblau 
of the New Orleans Weather Bureau. On 28-29 
April heavier rains fell over northern and central 
portions; many central parishes reported amounts 
in excess of 8 inches—Camp Polk had 13.35 inches. 

On 4-5 May general rains over one inch fell 
throughout the state with maximum over 4 inches 
in south-central parishes. During the period 2-5 
May as much as 16 inches were recorded in some 
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Departure of mean temperature from normal in 
degrees F., June 1953. USWB chart. 
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Percentage of normal precipitation, June 1953. 
USWB chart. 
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eastern sections. This series of heavy rains during 
a 12-day period resulted in serious local flooding, 
and since the soil was now saturated, the final 
period rains from 10-18 May resulted in almost 
complete runoff. 

Rainfall amounts during the eight-day period in 
the middle of the month exceeded 15 inches in 
western and southern parishes, and were over 20 
inches in Rapides, Catahoula, St. Landry, and 
portions of Grant and La Salle parishes. 

Twelve lives were lost in the floods, and damages 
were estimated at $95 million, about half being to 
Losses to cotton alone were estimated at 


crops. 
$22 million. Highways and railroads were heavily 
hit. 


The rains stopped abruptly on 19 May. No rain 
fell subsequently on the coast until a Gulf wave 
threw showers over the state on 27-28 June. 
Because so much of the April-May rains ran off, 
a test well inspected at Alexandria showed little 
rise. The drought became critical during June. 
Water carrying was necessary in the southeast. 
Planted seed was lying dormant in much of the 
areas which had been flooded in May. 

Fortunately, the rains returned with the passage 
of the Gulf wave northwestward. Some stations in 
the southeast received 16 inches and at New Or- 
leans over 6 inches of rain fell in the closing days 
of the month. Many small streams were unable to 
handle the runoff and minor flooding occurred. 


TROPICAL STORM “ALICE”—The | first 
tropical storm of the 1953 season was noted on 
25 May in the Caribbean Sea east of Nicaragua. 
A concise history of this variable disturbance has 
been furnished WEATHERWISE by Grady Nor- 
ton of the Hurricane Warning Central at Miami. 
“Alice” looped inland over Nicaragua and Hon- 
duras before heading northward to a position just 
south of Cuba near the Isle of Pines. The center 
crossed extreme western Cuba the night of 31 May, 
and on the next day aircraft located an organized 
center with maximum winds of 55 knots. 

After crossing the island, the center lost some 
of its identity, looped southward, and then drifted 
for two days along the Cuban coast. Finally, on 
4 June, when the center was just northwest of 
Havana, it resumed a more normal course to the 
northwest. Reconnaissance planes then reported the 
strongest winds of “Alice’s” career: short period 
squalls of 60-65 knots in the northeast quadrant 
with a certain pressure estimated at 29.44 inches. 

During the night of 5 June, the storm again lost 
force. As it moved inland a short distance west 
of Panama City in northwestern Florida, the strong- 


est winds were around 35-40 knots, not strong 
enough to cause damage. 
Heavy rains in connection with “Alice” broke a 


long dry spell in Cuba where some sections had 
received no rain for nine months. Floods occurred 
in western Cuba; press reports told of the loss of 
several lives. In Florida the rains were beneficial, 
and little or no damage was caused by the winds. 
The strongest speeds were around 40-45 mph from 
the Miami area southward to the Keys and at 
exposed places of the West Florida Coast 
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a southeasterly direction and from 0.25 to 0.40 of a 
mile wide. Greatest destruction took place in the 
northern edge of the city of Worcester and in the 
town of Shrewsbury just to the east. Residential 
developments with wooden construction were the 
chief sufferers. In all, 89 persons were reported 
killed, and the total damage exceeded $50 miilion. 

A second tornado accompanied the major out- 
break. Its path was approximately 12 miles to the 
south-southeast of the extended track of the Wor- 
cester storm. The second funnel was identified first 
just east of Sutton Corner at 1630 EST. It then 
hopped over several communities, struck again near 
Bellingham, and dissipated as a twister in West 
Mansfield about 1737. Its entire course was 29 
miles long and from 0.40 to 0.70 of a mile in width. 
A forward speed of 26 mph has been calculated. 
One million dollars damage was done by this sec- 
ondary funnel, but miraculously no lives were lost, 
though 25 were injured. 

Along the paths of both tornadoes heavy hail 
was reported, ranging in size up to that of base- 
balls. Much debris was scattered over southeastern 
New England along the extended track of the 
Worcester storm. Dr. Charles F. Brooks reported 
the recovery near the Blue Hill Observatory of 
a French music box, an aluminum trap door about 
three feet square, a piece of roof two feet square 
that weighed two pounds (the heaviest object 
found there), and a couch cover frozen solid. 

The lifting power of the Worcester storm was 
sufficient to about. A tragedy oc- 
curred when a young mother with her two-weeks- 
old baby boy was carried 400 yards through the 
air to a safe landing, only to have the baby snatched 
from her hands and whirled another 100 yards to 
his death. A young girl, more fortunate, was car- 
ried 100 yards and left in a tree; here she was 
found and rescued two hours later. 

Other minor tornadoes were reported near Exe- 
ter, New Hampshire, a few minutes after the 
Worcester outbreak, and a final funnel was sighted 
aloft at 1945 EST over Chatham, New York, near 
the Massachusetts border. 

The three-day outbreak of tornadoes was asso- 
ciated with a well-defined low center that moved 
from the northern Great Plains northeastward 
through Minnesota and the upper Great Lakes to 
Quebec. The major Flint and Worcester torna- 
does occurred on the same cold front when the low 
center was about 500 miles to the north. The 
earlier Ohio tornadoes resulted from a pre-frontal 
squall line, whereas the final Chatham, New York, 
funnel cloud formed behind the cold front. Re- 
gardless of convergence mechanism set off 
the tornadoes, they all occurred in a region of 
negative instability index, moving rapidly east- 
ward, that was flanked on the northwest and north- 
east by strongly stable areas. Wind speeds at the 
14,000 foot level were very strong from the west 
southwest and west with maximum speeds exceed- 
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SPECIAL 
METEOROLOGICAL INSTRUMENTS 





Assmann Psychrometer 
Campbell-Stokes Sunshine Recorder 
Duvdevani Dew Gauge 
Biram’s Anemometer 
Fineman Nephoscope 


Dines Rainfall Recorder 


_ Manufactured by C. F. Casella & Co., Ltd. of London, 
+442 Sensitive i A ‘ 
Pacers England, and imported by Science Associates 


SCIENCE ASSOCIATES 22.3.23'3"s 


Philadelphia 8, Pa. 


























WHEN IT 
COMES TO 
WEATHER........ 








Hygro-Thermograph 
The leader ts field Noted for precise accuracy and 
long time dependability. Portable, easy to operate 
Widely used + laboratories, factories and offices 






BENDIX-FRIEZ 


OFFERS THE RIGHT INSTRUMENT 
TO DO THE BEST JOB 


FOR RECORDING TEMPERATURE, HUMIDITY 
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Portable Temperature, Humidity Recorder 
Rugged mpact design. Ideally suited for use in 
small space and difficult locations. Provides con- 
venient 3 x 5 charts for 10 or 30 hour records 


FOR CHECKING BAROMETRIC PRESSURE nomena 
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Microbarograph Aneroid Barometer 
A key meteorological instrument. Records atmosphen | Inexpensive. dependable easy-to-read. Shows pressure 
pre re to within l inch mercury. Record chart l and barometric tendency. Housed in handsome brass 
expanded 24% times for greater visibility | case. Favored by professionals and amateurs alike 
| 





ommeoenl FOR MEASURING WIND SPEED, DIRECTION sheets 
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Aerovane 

Indicates and records wind speed and direction Recog 

nized as ‘best all-purpose wind measuring instrument 


ed Readily installed and easily maintained 


FRIEZ INSTRUMENT 
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Windial* 
A fine precision instrument with large dials that show 
wind speed and direction at a glance. Popular with 


smaller airports, yacht clubs, schools, plants, etc 
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1316 TAYLOR AVENUE + BALTIMORE 4, MARYLAND enawes qoenenanen 
Export Sales: BENDIX INTERNATIONAL DIVISION, 72 Fifth Avenue, NEW YORK 11,N. Y. 
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